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It has been noted that the lesions produced in the skin of rabbits by 
the injection of various infectious agents are markedly enhanced by 
the  addition  of  testicular  extract  (1).  The  phenomenon  is  now 
known  to  depend on  a  factor which  causes  intradermally injected 
material  to  spread  extensively through  the  dermis  (2).  A  similar 
factor capable  of increasing tissue  permeability can  be  detected in 
extracts  derived from  a  variety  of  other  animal  tissues  and  from 
certain  microorganisms  (3).  Azoproteins  have  been  shown  to 
produce a like effect, as far as increasing skin permeability is concerned 
(4),  but whether or not the mechanism involved in  the  production 
of the spread is the same for the two classes  of  substances, has not 
been determined (5).  For further comparison the effect of azoprotein 
solutions has been tested on the lesion produced by vaccine virus, the 
Shope fibroma virus,  and the agent transmitting Chicken Tumor I. 
Material and Method 
Azoproteins.--The  azoproteins  were  prepared  by  following  closely  the  pro- 
cedure given in a  previous paper (4).  In the present work the azo compounds 
used  were  produced by the  coupling of p-diazobenzenesulfonic acid with  horse 
or  rabbit  serum  proteins,  or  with  egg  albumin.  Gelatin,  which  is  practically 
lacking in coupling power, was also used in a  few tests.  Neutralized solutions of 
p-diazobenzenesulfonic acid,  serum,  and  egg  albumin  solutions  at  the  proper 
concentrations,  were  tested  separately as  controls. 
Test for Spreading Power.--As  a rule, the spreading power of the azoprotein 
solutions tested  for enhancing properties was also determined, usually in  the 
same animal, and in a corresponding area of the skin.  For these tests, 0.5 cc. 
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of the azoprotein  solution was mixed in a syringe with 0.25 cc. of India ink pre- 
viously  diluted  with  2  volumes  of water,  and  the  mixture  was  injected  intra- 
cutaneously.  The results  were recorded by measuring  the area of spread  18 to 
24 hours after the injection.  Since  azoproteins are colored products,  their spread 
through  the  dermis  could  be  estimated  also  directly,  through discoloration  of 
the skin in the area of diffusion, without need for the addition  of India ink. 
Vaccine Virus.--The vaccine virus used in  the present  tests was  a subculture 
of an in ~itro strain (B. P. H. culture 662, Oct. t6, 1934), kindly supplied  by Dr. 
T. M. Rivers.  The  infective  material  had  been  stored  in 50 per cent glycerin 
and, before use, was diluted  with Ringer's solution. 
Shope Papilloma Virus.--The original fibroma virus was kindly supplied  by 
Dr. R. Shope (6).  The material  used in these experiments was obtained  by the 
subpassage  of  the virus  in  the  skin  of rabbits.  The freshly  removed  fibroma 
tissue was ground with sand and extracted  with distilled water in the proportion 
of 5 to 10 cc. water per each gram of tissue.  The extract was then centrifuged 
and faltered through sterile gauze. 
Chicken Tumor Agent.--Fresh  Chicken Tumor I  tissue was ground with sand 
and extracted  with  sterile distilled water in the proportion  of 10 to 12 cc. water 
per  gram  of  tissue.  Mter  centrifugation  at  3000 R.l'.m  for  10  minutes,  the 
extract was faltered through sterile gauze.  In some instances the inhibiting  factor 
was removed from the extract by adsorption  with aluminum  hydroxide  (7). 
Tests for Enhancing Power of Azoprotein Solutions.--The  enhancing  property 
was tested  by mixing an equal volume of the azoprotein  solution with dilutions 
of the virus suspensions.  Of these  mixtures  1 co. was injected  subcutaneously 
in rabbits.  Virus preparations  diluted  with an equal  volume of saline  solution 
or with untreated protein  solutions served as controls. 
The chicken tumor extract was mixed in the syringe with an  equal  volume 
of the test solutions, and 0.6 to 0.8 co. of the mixture was injected intraeutaneously 
into adult Plymouth Rock hens.  Since tissue diffusion caused both by testicular 
extract  and  azoproteins  is  influenced  by gravity,  in  order  to  allow  sufficient 
space for the material  to spread, the injections were made just under the wing or 
in the skin covering the upper part of the leg. 
Effect of Azoproteins on Vaccine Virus Lesions 
The  results  of  tests  with  azoproteins  and  varying  dilutions  of 
vaccine virus compared with the areas of spread of the azoprotein with 
India ink are  shown in Table I. 
It will be noted that azoprotein increases to a  considerable degree 
the size of the lesion produced by vaccine virus.  The results indicate 
that the extent of the lesion depends not only on the spreading power 
of the azoprotein,  but also on the potency of the infective material. 
As a  rule,  the more  concentrated virus preparation  with  azoprotein 
gave,  6  to  7  days  after  inoculation,  wide,  solid  lesions  surrounded ALBERT CLAtn)E  643 
by a zone of edema.  This condition is illustrated in Fig.  1, where the 
size  of the  enhanced lesions was  67.6  sq.  cm.  compared with  10.5 
TABLE  I 
Effect of Azoproteins on the Size of the Lesions Produced by Vaccine Virus in 
the  Rabbit  Skin 
.I 
Di|u- 
Azoproteins prepared from  tion of  Character of virus lesions 
sulfanilic  acid and  vaccine  on azoprotein side 
virus 
Egg albumin  (3% sol)  1/10 
........  11110 
........  1/100 
........  11/1000 
Gelatin  (3~ sol)  1/10 
Horse serum  ]1/10 
....  1/10 
"  "  1/100 
"  "  1/1000 
.....  I/lO 
"  "  1/100 
....  1/1000 
Rabbit serum  1/10 
....  1/100 
"  "  1/1000 
Area of  Area of 7 day 
spread of  old lesions 
India ink  prod.uced by 
indicator  vaccine vlrus 
and  and 
""  ]  °°  -  ot~ 
5.5  i 87.0 10.5  167.6  Solid mass surrounded 
by scattered nodules 
and zone of edema 
4.2  60.7 14.0  34.0  Solid mass 
7.5  27.6  Only scattered nodules 
0  16.6  "  "  " 
6.8  41.8 12.4  0  No lesions (virus inac- 
tivated) 
I 
1.8  90.3  6.7  82.8  Solid mass surrounded 
by scattered nodules 
and edema 
8.0  76.7  4.6  44.6,  Solid mass 
2.2  25.5  Solid mass plus scat- 
i  tered nodules 
0  17.0  Scattered nodules 
6.2  58.0 20.8  56.0  Solid mass 
10.2  45.8  Solid mass plus scat- 
tered nodules 
1.8  48. I i  Only scattered nodules 
3.4  36.8  6.7  39.1  Solidmass 
3.4  27.(~ Solid mass plus scat- 
tered nodules 
2.1  20.8  "  "  I 
sq. cm. for the saline control.  The azoprotein used with the vaccine 
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hours after the injection, an area of spread of 87 sq. cm. against 5.5 
sq.  cm. for the saline control (Fig.  2). 
The injection of dilute virus with azoprotein gave rise to scattered 
nodules, with or without a solid lesion at the site of injection. 
In two instances, vaccine lesions developed from the azoprotein- 
virus mixtures while  the  virus-saline inoculum remained negative. 
This evidence of real enhancement of the virus, as the result of the 
spread,  was  also  observed with  testicular  extract  by  Duran-Rey- 
TABLE  II 
Effect of Azoproteins on the Size of Fitrroma (Shope) in the Rabbit Skin 
Ex-  IAaoproteiu  prepared 
peri-  from sulfannie  merit  No.  acid and 
Horse serum 
~c  ~g 
Area of spread  Area of 7 day old  lesions  produced 
of India ink  by fibroma  virus 
indicator plus  plus 
Saline 
or 
normal 
serum 
sq.cm. 
7.5 
5.7 
6.1 
Azo- 
protein 
solution 
sq.ccn. 
77.0 
43.1 
62.4 
Saline 
or 
normal 
seruln 
sq.cm, 
5.2 
4.0 
5.6 
Azo~ 
protein 
solution 
Sq.~. 
71.4 
35.7 
54.3 
Character of lesions on azoprote~n side 
Solid mass, surrounded by a few 
scattered nodules 
Solid tumor 
Solid tumor, surrounded by iso- 
lated nodules 
nals (8).  It is possible that the  presence  of  the  tissue  extract  or 
the azoprotein solution stabilizes the virus at the highest dilutions, 
and protects it from inactivation.  Such an action would explain the 
apparent enhancement of the virus itself. 
Azoproteins  prepared  from  serum  and  from  egg  albumin  were 
identical in their effect.  A  gelatin solution, submitted to the  same 
procedure  of  coupling  exhibited  some  spreading  power,  but  the 
vaccine virus when added to the latter, was completely inactivated. 
The  virus  was  also  destroyed  by  the  neutralized  solution of  the 
diazo compound.  These findings are in agreement with the earlier 
observations that diazo compounds or the product of coupling with 
gelatin are antiseptic (4). 
Effect of Azoproteins  on Rabbit Fibroraa (Shope) 
The results given in Table II were recorded 6 to 7 days  after  the 
injection of the infective material into the rabbit  skin. ALBERT  CLAUDE  645 
It will be seen from the table that injections of 1 cc. of the fibroma 
extract diluted with saline gave rise to small tumors, 2 to 2.5  cm. in 
diameter.  The same amount of virus to which azoprotein  solution 
had been added, produced extensive tumor formation.  These were 
large masses of solid growth surrounded by a few scattered nodules. 
A typical example of this result is shown in Fig. 3.  The injection of 
azoprotein and India ink in the same animal (Fig. 4) shows that  the 
area of spread and the size of the tumor are practically the  same. 
TABLE  III 
Effect of Azoproteins on the Size of Skin Tumors in Chickens 
Azoprotein  prepared from 
sulfsnilic  acid and 
Egg albumin (3% sol) 
Horse serum 
cc  ~c 
cc  ~c 
cc  c~ 
tc  c~ 
Apparent 
area of 
spread 
sq.om,  sq.~:m. 
3.2  25.5 
3.7  19.2 
4.1  55.1 
3.5  39.9 
2.5  36.0 
Enhancement 
of tumors 
Average size 
of tumors 
o 
elO 
da:ys  ~q xm.  sq.¢m.  ! 
16  7.3  44.8' 
21  ,1.0  16.4 
21  3.9  49.15 
16  5.8  36.8 
17  6.4  57.8 
15  6.0  24.C 
15  6.1  30."t 
Aspect of tumor on 
azoprotein  side 
Solid  tumor surrounded 
by scattered  nodules 
Massive tumor 
Solid  mass plus  small 
nodules  scattered 
around main tumor 
Solid tumor 
Scattered nodules only 
Effect of Azoproteins on Chicken Tumors 
The effect of testicular extract on the development of skin tumors in 
chickens has been described in a previous paper (9).  Table III shows 
the  results  obtained  when azoprotein  solutions  were  added  to  the 
tumor  material  before  injection.  As  in  the  preceding  cases,  azo-' 
protein solutions caused the tumor agent to spread over a large area 
of  the  skin,  giving  rise  to  large,  massive  tumors when the  tumor 646  EN]IANCING  EFFECT  OF AZOPROTEINS  ON  LESIONS 
extract was very  active,  and to widely scattered  nodules when the 
extract  had a  low tumor producing activity.  The  diffusion of  the 
azoprotein  solution in  the  chicken  skin could be  observed  without 
the addition of India ink as an indicator.  There was found to be a 
good agreement between the extent of the spread and the size of the 
tumors.  Figs.  5  and  6  show tumors produced  by  a  highly  active 
extract  and azoproteins,  16  days  after  the injection.  Fig.  7  shows 
the effect of dispersion on material of low tumor producing activity. ~ 
SUMMARY 
It  is  known that  azoprotein  solutions,  like  testicular  extracts,  possess 
the property of causing particles  to spread through the dennis.  The 
present  work  shows  that  azoproteins  exhibit,  like  testicular  extract, 
the power to increase the size of virus lesions in the skin of rabbits, 
and the  size  of  tumors in  chickens.  The  results  indicate  that  the 
extent of the lesion is roughly proportional to the spreading power of 
the solution.  This suggests that the spread of the infective material, 
over  a larger  area of  skin, is directly  responsible for the enhancing 
effect. 
The production of extensive lesions by means of spreading agents 
may have a practical value when large amounts of working material 
are needed. 
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EXPLANATION OF PLATES 
PLATE 38 
FIG.  1.  Rabbit  9-50.  Lesions produced by  the  intradermal injection of  0.5 
cc. vaccine virus suspension mixed with: A, 0.5 cc.  saline solution (control) and 
B, 0.5  cc. azoprotein solution prepared from egg albumin. 
FIG.  2.  Rabbit  9-49.  Spread  produced  by  intradermal  injection  of  0.5  cc. 
India  ink  suspension  mixed  with: A,  0.5  cc.  saline  solution  (control)  and  B, 
0.5  cc.  azoprotein  solution  prepared  from  egg  albumin.  The  area  of  spread, 
24  hours  after  injection, was  87.0  sq.  cm.  for  the  azoprotein  solution  and  5.5 
sq. cm. for the saline control. 
FIG. 3.  Rabbit 9-21  (right side).  Skin fibroma produced by the intradermal 
injection  of  0.5  cc.  suspension  of  Shope  fibroma virus  mixed with: A,  0.5  cc. 
saline solution (control)  and  B, 0.5  cc.  azoprotein solution prepared from horse 
serum. 
FIG. 4.  Rabbit 9-21  (left side).  Spread produced by intradermal injection of 
0.5  cc.  of  an  India ink  suspension  mixed with  an  equal  volume  of: A,  saline 
solution (control)  and B,  azoprotein solution prepared from horse  serum.  The 
area of spread 24 hours after injection was  7.5  sq.  cm. for the control and  77.0 
sq. cm. for the azoprotein solution. THE JOURNAL OF  EXPERIMENTAL  MEDICINE VOL.  69  PLATE 38 
Photographed by Joseph B. Haulenbeek 
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FIG.  5.  Chicken  8-84.  Skin  tumors  produced  by  intradermal  injection  of
0.4  cc.  chicken  tumor  extract  mixed,  in  the syringe,  with  an equal  volume  of:
A, saline solution  (control) and B, azoprotein solution  prepared from horse serum.
The size of  the tumor, recorded  16 days  after injection,  was 2.2  X  2.1  cm. for the
saline  control  and 7.7  X  6.8 cm.  for the azoprotein  mixture.
FIG.  6.  Chicken  8-73.  Skin  tumors  produced by intradermal  injection  of  0.4
cc.  chicken  tumor  extract  mixed  with:  A,  saline  solution  (control)  and  B,  azo-
protein  solution prepared from horse serum.  21  days after injection  there  was a
main  tumor,  6.5  X  6.5  cm.  at the  site  of  injection,  surrounded  by smaller  nod-
ules  scattered  over  an  area  9.2  X  6.7  cm.  The  tumor  produced by  the  saline
mixture  measured  2.2  X  2.1  cm.
FIG.  7.  Chicken  8-69.  Skin  tumors  produced  by intradermal  injection  of  0.4
cc.  chicken  tumor  extract  mixed  with:  A,  0.5  cc.  saline  solution  (control)  and
B, 0.5 cc.  azoprotein solution prepared from horse serum.  In this case,  the tumor
extract  was not  very active and  the lesions  produced  by  the azoprotein  mixture
were  represented  by  small isolated  tumors  scattered  over  an  area  9.0  X  4.7  cm.
The control  mixture  produced  a  solid tumor,  2.8  X  2.7  cm.  across.THE JOURNAL OF EXPERIMENTAL  MEDICINE VOL.  69  PLATE 39 
Photographed by Joseph B. Haulenbeek 
(Claude: Enhancing effect  of azoproteins on lesions) 